1. (original) A Fourier transform processor responsive to N input data points to compute

N data output points, said Fourier transform processor comprising:

a plurality of r parallel processing elements, each of said plurality of r parallel processing
elements having N/r input data points and N/r output data points, said N/r input data
pbints of said plurality of r parallel processors being coupled to respective onésv of said N
input data points, each of said plurality of r parallel processing elements being
independent of each other and having at least two stages of butterfly computing elements;

and

a combination phase computing element having N output points forming said N data
output data points of said Fourier transform processor, said combination phase computing
element having N input data points coupled to respective ones of said N/r output data
points from said plurality of r processing elements, said combination phase computing

element including a single stage of butterfly computing elements.

2. (original) A Fourier transform processor in accordance with claim 1, wherein said
single stage of butterfly computing elements in said combination phase computing

element is represented by:

’(k) P.ll(k)

- ((IJIN/HJ:k)) N
Z (37)

for/=0,1,..,r—1,k=0,1, .....,, B~ 1, where ((x))n denotes x modulo N.
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3. (original) A Fourier transform processor in accordance with claim 1, wherein each of
said r parallel processing elements includes a butterfly processing element for use in a
decimation in frequency radix-r butterfly responsive to a plurality of input data points,
said radix-r butterfly providing a plurality of output data points, said butterfly processing

element comprising;:

a plurality of multipliers, each of said multipliers having .a respective first and second

input terminals and a respective output terminal; and

an adder having a plurality of input terminals and an output terminal, each of said
plurality of input terminals of said adder being coupled to a respective one of said output

terminals of said plurality of multipliers;

said plurality of first input terminals of said plurality of multipliers each being
respectively coupled to one of said plurality of input data points, said output terminal of

said adder being coupled to one of said plurality of output data points

said plurality of second input terminals of said plurality of multipliers being coupled to a

set of coefficients derived from the product of an adder matrix T, and a twiddle factor

matrix wg.
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4, (currently amended) A-—butterfly-processing—element—in—aceordance—with-elatm—3;:-A

Fourier transform processor responsive to N input data points to compute N data output

points, said Fourier transform processor comprising:

a plurality of r parallel processing elements. each of said plurality of r parallel processing

elements having N/r input data points and N/r output data points, said N/r input data

points of said plurality of r parallel processors being coupled to respective ones of said N

input data_points, each of said plurality of r parallel processing elements being

independent of each other and having at least two stages of butterfly computing elements;

and

a combination phase computing element having N output points forming said N data

output data points of said Fourier transform processor, said combination phase computing

element having N input data points coupled to respective ones of said N/r output data

points from said plurality of r processing elements, said combination phase computing

element including a single stage of butterfly computing elements,

wherein each of said r parallel processing elements includes a butterfly processing

element for use in a decimation in frequency radix-r butterfly responsive to a plurality of

input data points, said radix-r butterfly providing a plurality of output data points, said

butterfly processing element comprising:
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a plurality of multipliers, each of said multipliers having a respective first and second

input terminals and a respective output terminal; and

an adder having a plurality of input terminals and an output terminal, each of said

plurality of input terminals of said adder being coupled to a respective one of said output

terminals of said plurality of multipliers;

said plurality of first input terminals of said plurality of multipliers each being

respectively coupled to one of said plurality of input data points, said output terminal of

said adder being coupled to one of said plurality of output data points

said plurality of second input terminals of said plurality of multipliers being coupled to a

set of coefficients derived from the product of an adder matrix T, and a twiddle factor

matrix W§

wherein said coefficients derived from the product of said adder matrix T, and said

twiddle factor matrix Wy, are substantially given by

W W0 W0 - w?
WO WN/r W2N/r W(r-l)N/‘r
T, =| w0  WZNT G ANE 2N | [T(l,m )] (5A),
2
_wo W (E-DN/E 2 ) N/r—
(LN
where T, |, =w (6A),
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and defining W, ki the set of the twiddle factor matrices Wy as:

wok) 0 - 0
0 w N - 0
_ (Lk.) _ [ ]
Wik = _ _ I el A CR P P (8A),
0 0 = WE-nki
in which,
(R rn
Wimy = W v for1=m, and 0 elsewhere (9A),
wherein,
10A),
Brpir = Wi, ki) *Tr = [BrDIF(, m)ck, i) (1%
with B —w (m N+ R e Y e ) (11A)

rDIF(, m)(k iy —

QA

l=m=0,.,r-1,i=0,1.,n-1,k=0,1.., (N/r) - 1, ((x))x denotes x modulo N and N
(k /') is defined as the integer part of the division of k and r', whereby the operation of

said butterfly processing element for said decimation in frequency radix-r butterfly is:

12A
the colon vector X, iy =B pip XX = [X(f)(k,i) ] (124),

r-1 P
N 1 1
where the 1" output Xy = D KW (T NEIEN (134,
m=0

5. (original) A Fourier transform processor in accordance with claim 1, wherein each of
said r parallel processing elements includes a butterfly processing element for use in a

decimation in time radix-r butterfly responsive to a plurality of r input data points, said
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radix-r butterfly providing a plurality of output data points, said butterfly processing

element comprising:

a plurality of r-1 multipliers, each of said r-1 multipliers having a respective first and

second input terminals and a respective output terminal; and

an adder having a plurality of r input terminals and an output terminal, one of said
plurality of r input terminals of said adder being coupled to a first input data point of said
plurality of r input data points, each of the r-1 others of said plurality of r input terminals
of said adder being coupled to a respective one of said output terminals of said plurality

of r-1 multipliers;

said -1 plurality of first input terminals of said r-1 plurality of multipliers each being
respectively coupled to one of r-1 of said plurality of r input data points, said output

terminal of said adder being coupled to one of said plurality of output data points; and

said plurality of second input terminals of said r-1 plurality of multipliers being coupled

to a set of coefficients derived from the product of an adder matrix T; and a twiddle factor

matrix wy;.

6. (currently amended) An—apparatus—in-aecordanee—with-elatm—>5—A Fourier transform

processor responsive to N input data points to compute N data output points, said Fourier

transform processor comprising;
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a plurality of r paralle] processing elements, each of said plurality of r parallel processing

elements having N/r input data points and N/r output data_points, said N/r input data

points of said plurality of r parallel processors being coupled to respective ones of said N

input data points, each of said plurality of r parallel processing elements being

independent of each other and having at least two stages of butterfly computing elements;

and

a combination phase computing element having N output points forming said N data

output data points of said Fourier transform processor, said combination phase computing

element having N input data points coupled to respective ones of said N/r output data

points from said plurality of r processing elements, said combination phase computing

element including a single stage of butterfly computing elements,

wherein each of said r parallel processing elements includes a butterfly processing

element for use in a decimation in time radix-r butterfly responsive to a plurality of r

input data points, said radix-r butterfly providing a plurality of output data points, said

butterfly processing element comprising:

a plurality of r-1 multipliers, each of said r-1 multipliers having a respective first and

second input terminals and a respective output terminal; and
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an adder having a plurality of r input terminals and an output terminal, one of said

plurality of r input terminals of said adder being coupled to a first input data point of said '

plurality of r input data points, each of the r-1 others of said plurality of r input terminals

of said adder being coupled to a respective one of said output terminals of said plurality

of r-1 multipliers:

said r-1 plurality of first input terminals of said r-1 plurality of multipliers each being

respectively coupled to one of r-1 of said plurality of r input data points, said output

terminal of said adder being coupled to one of said plurality of output data points; and

said plurality of second input terminals of said r-1 plurality of multipliers being coupled

to a set of coefficients derived from the product of an adder matrix T, and a twiddle factor

matrix Wy,

wherein said coefficients derived from the product of said adder matrix T, and said

twiddle factor matrix WY, are substantially given by,

14A),
Broir =Te x W ki) = [Br DIT (f,m )y, iy (144)
] . (1 m NAe+ R Qe @D ym 00 gy
in which B, pp¢f my ) =W (15A),
W(O,k,i) 0 he 0
0 Wik — 0
(Lk,1)
and W(r,k,i) = _ B a B = [W([’ Mk, iy ] (16A),
0 0 = WDk
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S (0D D)
where W, o =w (DTN for | = m, and 0 elsewhere (17A),

and n = (log N/log r) — 1, whereby the operation of said butterfly processing element for

said decimation in time radix — r butterfly 1s:

1
the colon vector X(r,k,i) =B, pp XX = [X(U(k,i) ] (18A),

r-1 (@ m NN e @D )m -1 )
where the I output X(, S = Zx W (19A)
m=0

7. (original) A Fourier transform processor in accordance with claim 1, wherein each of
said r parallel processing elements includes a radix-r butterfly responsive to a plurality of
input data points and having a plufality of calculation phases, said radix-r butterfly

further providing a plurality of output data points, said radix-r butterfly comprising:

a first plurality of multipliers; and

a second plurality of adders, wherein

said first plurality of multipliers operate substantially simultaneously during a given
calculation phase of said plurality of calculation phases, and said second. plurality of

adders operate during said plurality of calculation phases other than said given

calculation phase.
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8. (original) An apparatus in accordance with claim 7 wherein said given calculation

phase is the first calculation phase.

9. (original) An apparatus in accordance with claim 7, wherein said plurality of

multipliers are coupled to a set of coefficients derived from the product of an adder

matrix T, and a twiddle factor matrix Wy.

10. (currently amended) An-apparatus—inaecordance—with-elaim-9-A Fourier transform

processor responsive to N input data points to compute N data output points, said Fourier

transform processor comprising:

a plurality of r parallel processing elements, each of said plurality of r parallel processing

elements having N/r input data points and N/r output data points, said N/t input data

points of said plurality of r parallel processors being coupled to respective ones of said N

input data points, each of said plurality of r parallel processing elements being

independent of each other and having at least two stages of butterfly computing elements;

and

a combination phase computing element having N output points forming said N data

output data points of said Fourier transform processor. said combination phase computing

element having N input data points coupled to respective ones of said N/r output data

points from said plurality of r processing elements, said combination phase computing

element including a single stage of butterfly computing elements,
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wherein each of said r parallel processing elements includes a radix-r butterfly responsive

to a plurality of input data points and having a plurality of calculation phases, said radix-r

butterfly further providing a plurality of output data points, said radix-r butterfly

comprising:

a first plurality of multipliers; and

a second plurality of adders, wherein

said first plurality of multipliers operate substantially simultaneously during a given

calculation phase of said plurality of calculation phases, and said second plurality of

adders operate during said plurality of calculation phases other than said given

calculation phase, wherein said plurality of multipliers are coupled to a set of coefficients

derived from the product of an adder matrix T, and a twiddle factor matrix Wy

wherein said coefficients derived from the product of said adder matrix T, and said

twiddle factor matrix Wy, are substantially given by

.WO WO W0 - W0
WO WN/r wZN/r _ W(r-])N/r
T, =|w0  w2Nr o G #NE L 2e-DNA =[T(l,m)] (5A),
2
WO W(r-l)N/r _ W(r-l) N/r~
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where T, ., =W (6A),

and defining W, y, i) the set of the twiddle factor matrices Wy as:

Woky 0 - 0
0 w(l,k,i) - 0 [ ]
Wik =| L M myg (8A),

0 0 - WDk

in which,
(G DN
Yimey =W for 1 =m, and 0 elsewhere  (9A),

wherein,

10A),
Brpir =W,k iy xTr = [Br DIF (/, m i iy (104

. U m N ) )
with B, pip g myey = W (11A),

l1=m=0,.,r—1,1=0,1.,n-1,k=0,1.., (N/r) - 1, ((x))~ denotes x modulo N and N
(k/ ri) is defined as the integer part of the division of k and r', whereby the operation of

said butterfly processing element for said decimation in frequency radix-r butterfly is:

12A
the colon vector X; ;) = By pip XX = [X(U(k,i) ] (124),

where the I"™ output X

r-1l P
_ ((m Nie+N ()i ' )y
Doy Zx(mlw (13A)
m=0
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11. (currently amended) An-apparatus—nneceordance-with-elaim-9-A Fourier transform

processor responsive to N input data points to compute N data output points, said Fourier

transform processor comprising:

a plurality of r parallel processing elements, each of said plurality of r parallel processing

elements having N/r input data points and N/r output data points, said N/r input data

points of said plurality of 1 parallel processors being coupled to respective ones of said N

input data points. each of said plurality of r parallel processing elements being

independent of each other and having at least two stages of butterfly computing elements;

and

a combination phase computing element having N output points forming said N data

output data points of said Fourier transform processor, said combination phase computing

element having N input data points coupled to respective ones of said N/r output data

points from said plurality of r processing elements, said combination phase computing

element including a single stage of butterfly computing elements,

wherein each of said r parallel processing elements includes a radix-r butterfly responsive

to a plurality of input data points and having a plurality of calculation phases, said radix-r

butterfly further providing a plurality of output data points, said radix-r butterfly

comprising:

a first plurality of multipliers; and
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a second plurality of adders, wherein

said first plurality of multipliers operate substantially simultaneously during a given

calculation phase of said plurality of calculation phases, and said second plurality of

adders operate during said plurality of calculation phases other than said given

calculation phase, wherein said plurality of multipliers are coupled to a set of coefficients

derived from the product of an adder matrix T, and a twiddle factor matrix w{ wherein

said coefficients derived from the product of said adder matrix T, and said twiddle factor'

matrix W, are substantially given by,

14A),
Brpir =T x We ki) = [Br DIT (/,m )y, i } (144)
. . (¢ m Nie+ R e Dy (0D gy o
in which B, pir(y my ;) =W (15A),
wokhy 0 - 0
0 Wil ki - 0
and Wi iy = _ (_ ! _ _ =[w(1,m)(k,i) ] (16A),

0 0 = W(r-1)ki)

R )y 1)
where w, o =w CETOmTIN for I =m, and 0 elsewhere (17A),

and n = (log N/log r) — 1, whereby the operation of said butterfly processing element for

said decimation in time radix — r butterfly is:

the colon vector X; iy = By prp XX = [X(U(k ) ] (18A),
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t-1 (( m N/e+ R e )m (07D
where the 1™ output X(I)(k,i) = Zx(m)w (19).
m=0

12. (original) A multistage Fourier transform processor responsive to N input data points

to compute N output data points, said multistage Fourier transform processor comprising:

a first multiprocessor stage coupled to said N input data points, said first multiprocessor
stage comprising a first plurality of Fourier transform processors, each of said first

plurality of Fourier transform processors comprising

a plurality of r1 parallel processing elements, each of said plurality of rl parallel
processing elements having N/rl input data points and N/rl output data points,
said N/r1 input data points of said plurality of r1 parallel processors being coupled
to respective ones of said N input data points, each of said plurality of r1 parallel
processing elements being independent of each other and having at least two

stages of butterfly computing elements; and

a combination phase computing element having N output points, said combination
phase computing element having N input data points coupled to respective ones of
said N/rl output data points from said plurality of r1 processing elements, said
combination phase computing element including a single stage of butterfly

computing elements; and
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a second multiprocessor stage coupled to said N output data points of said first -
multiprocessor stage, said second multiprocessor stage comprising a second plurality of
Fourier transform processors, each of said second plurality of Fourier transform

processors comprising,

a plurality of r2 parallel processing elements, each of said plurality of r2 parallel
processing elements having N/r2 input data points and N/r2 output data points,
said N/12 input data points of said plurality of r2 parallel processors being coupled
to respective ones of said N output data points of said first multiprocessor stage,
each of said plurality of r2 parallel processing elements being independent of each

other and having at least two stages of butterfly computing elements; and

a combination phase computing element having N output points forming said N
data output data points of said Fourier transform processor, said combination
phase computing element having N input data points coupled to respective ones of
said N/r2 output data points from said plurality of r2 processing elements, said
combination phase computing element including a single stage of butterfly

computing elements.

13. (original) A multistage Fourier transform processor in accordance with claim 12,
further including a plurality of (i) multiprocessor stages, wherein the radix r FFT of each
said plurality of (i) multiprocessor stages is expressed in terms of its it partial FFTs as

follows:
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(N/tH)-1
T 2| wik T 3| wizk 2| ik , i nk
X(k) —Tr * WN Tr * wN/l‘ Tl‘ * WI\lY/r(iAI) Z x(r’n+r("”ji+...+r0jl)wN/r' (43):
for j; = ...... =J;,=0,1,... ,r-landi=1,......p
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